1. Even though mammalian herbivores can exert strong indirect effects on other animals by altering the vegetation, the study of trophic cascades retains a focus on apex predators and their top-down forces. Bottom-up trophic interaction chains induced by mammalian herbivores, particularly in invertebrate food webs, remain largely unexplored.
| INTRODUCTION
More than half a century ago, Hairston, Smith, and Slobodkin (1960) famously proposed that the "world is green" because herbivores are kept in check through top-down control by predators. What followed were decades of debate on the role of bottom-up and top-down forces and the prevalence of trophic cascades in food webs. The initial dichotomy between bottom-up (White, 1978) or top-down (Hairston et al., 1960; Oksanen, Fretwell, Arruda, & Niemelä, 1981) perspectives has largely been replaced by the consensus view that most systems are organized according to a "bottom-up template" onto which top-down effects can be superimposed (Hunter & Price, 1992) . Despite this consensus, the study of "cascading" effects in ecological interaction webs has retained a predominantly top-down focus (but see Kagata & Ohgushi, 2006; Pringle, Young, Rubenstein, & McCauley, 2007) , with an emphasis on the multitrophic effects of top predators (Crooks & Soule, 1999; Terborgh et al., 2001 ) and the determinants of predator-induced trophic cascades across ecosystems (Borer et al., 2005; Mooney et al., 2010; Schmitz, Hambäck, & Beckerman, 2000; Shurin et al., 2002) .
Theory about bottom-up vs. top-down effects and trophic cascades largely deals with controls on population size (Hairston et al., 1960; Hunter & Price, 1992; Oksanen et al., 1981; White, 1978) . In contrast, empirical evidence is biased towards experimental scales smaller than the scale of resource or consumer populations (e.g. Borer et al., 2005; Kagata & Ohgushi, 2006; Mooney et al., 2010) . However, spatial scale can affect the interpretation of trophic interaction experiments. For example, predator effects are often tested using cages permeable to prey. As the size of such cages decreases, predation effects become increasingly driven by prey movement relative to prey vital rates, and can differ from true population effects (Englund, 1997) . Similarly, effects of experimental herbivore exclusions on plants have been shown to be scale-dependent (Gil, Jiao, & Osenberg, 2016) .
Even though mammalian herbivores are expected to exert "rampant indirect effects" within food webs (Paine, 2000) , they have received much less attention as potential initiators of multitrophic interaction chains than large predators (Pringle et al., 2007) . This was emphasized by Foster, Barton, and Lindenmayer (2014) in a recent meta-analysis, highlighting a major gap in knowledge on the mechanisms by which large mammalian herbivores have cascading effects across the rest of the food web. A few studies have shown that grazing ungulates induce bottom-up trophic cascades involving invertebrates by altering vegetation properties (Evans et al., 2015; Nuttle, Yerger, Stoleson, & Ristau, 2011; Pringle et al., 2007; Vanbergen, Hails, Watt, & Jones, 2006) , but cascading effects of mammalian herbivores across entire invertebrate trophic levels remain untested. Moreover, the contributions of smaller herbivorous mammals (e.g. rodents, lagomorphs) to such cascades are unexplored, even though the importance of small mammals for ecosystem properties is increasingly recognized (e.g. Bakker, Ritchie, Olff, Milchunas, & Knops, 2006; Howe, Brown, & Zorn-Arnold, 2002; Howe, Zorn-Arnold, Sullivan, & Brown, 2006; Rebollo, Milchunas, Stapp, Augustine, & Derner, 2013) .
Pathways by which mammalian herbivores affect the vegetation and therefore invertebrates are manifold. The most immediate trophic effect of herbivorous mammals on herbivorous and detritivorous invertebrates is lowering the availability of food resources by removing plant biomass and decreasing the amount of leaf litter (Ford, Garbutt, Jones, & Jones, 2013; Gómez & González-Megías, 2002; Huntly, 1991; Takagi & Miyashita, 2014) . Mammalian herbivores can also cause shifts in plant species composition through selective feeding (e.g. Bardgett & Wardle, 2003; Howe et al., 2002; Milchunas & Lauenroth, 1993) and alter the nutritional quality of plants and leaf litter (McNaughton, 1985; Ritchie, Tilman, & Knops, 1998; Wardle, Bonner, & Barker, 2002) .
Mammalian herbivores can furthermore affect plant growth and quality through the redistribution of nutrients via dung and urine (Bardgett & Wardle, 2003; Ritchie et al., 1998) . In productive systems with high mammalian grazing pressure, grazers tend to benefit grazing-adapted, nutrient-rich plant species, whereas in low-productivity systems, grazers tend to disadvantage palatable plant species, leading to the replacement of palatable plants by better-defended plants with lower foliage and litter quality (Bardgett & Wardle, 2003) . These changes in vegetation quality can have trophic effects on herbivorous and detritivorous invertebrates (Danell & Hussdanell, 1985; Takagi & Miyashita, 2012) . Similarly, changes in vegetation composition can alter resource heterogeneity, which can also affect the abundance of herbivorous invertebrates (Loranger et al., 2014; Scherber et al., 2010) or, if the composition of leaf litter is affected, detritivorous invertebrate abundance (Moore et al., 2004; Wardle, Yeates, Barker, & Bonner, 2006) . Each of these vegetation-mediated effects of mammalian herbivores on invertebrate herbivores and detritivores can indirectly influence predatory and omnivorous invertebrates feeding on these lower trophic level invertebrates. In addition, as "ecosystem engineers" (Jones, Lawton, & Shachak, 1997; Prugh & Brashares, 2012) , grazing mammals can have non-trophic effects on invertebrates: by removing plants or plant parts, or indirectly by altering the species composition of the vegetation, they can alter the physical habitat of invertebrates of all feeding types (Milchunas & Lauenroth, 1993; Rebollo et al., 2013) .
The strength of the above-mentioned effects of mammalian herbivores on invertebrates has been suggested to depend on plant productivity, according to two contrasting hypotheses (Daskin & Pringle, 2016) . One hypothesis is based on the premise that low-productivity environments have low plant biomass and select for well-defended, unpalatable plants. Therefore, herbivores should be more abundant and graze at a higher intensity in high-productivity systems. Mammalian herbivore effects on the vegetation, and consequently on invertebrate communities, are hence predicted to increase in strength with plant productivity ("foraging-intensity" hypothesis; Daskin & Pringle, 2016) .
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The alternative hypothesis posits that higher productivity increases the ability of plants to regrow and tolerate herbivory and that in the most productive systems herbivores can only consume a small fraction of total biomass. Therefore, the strength of mammalian herbivore effects on plants and invertebrates should decrease with plant productivity ("tolerance/avoidance" hypothesis; Daskin & Pringle, 2016) .
To test these hypotheses, we performed an extensive field experiment in which we progressively excluded large (ungulates), mediumsized (marmots, hares) and small (mice, voles) mammals in two vegetation types that together cover the entire subalpine grasslands in our study area: productive short-and less productive tall-grass vegetation. Both bottom-up and top-down forces can operate in invertebrate food webs (Gruner, 2004; Rosenheim, 1998) , but bottom-up mechanisms seem to prevail in terrestrial invertebrate communities (Gruner, 2004; Rzanny, Kuu, & Voigt, 2013; Scherber et al., 2010) . Changes in vegetation properties caused by mammalian herbivores are therefore expected to result in bottom-up cascades in invertebrate food webs.
Our aim was to test the contrasting "foraging-intensity" and "tolerance/avoidance" hypotheses regarding the relationship between the strength of such mammal-induced bottom-up cascades and ecosystem productivity. Mammalian herbivores exert a higher grazing pressure in the short-than in the tall-grass vegetation (Risch, Haynes, Busse, Filli, & Schütz, 2013) . Therefore, we predict the interaction chains between mammal exclusions, vegetation properties and invertebrate trophic groups to be more numerous and composed of stronger links in the more productive and more intensively grazed short-grass vegetation, in accordance with the "foraging-intensity" hypothesis. 
| MATERIALS AND METHODS

| Experimental design
The experiment has been described in detail in Risch et al. (2013) and Vandegehuchte, Raschein, Schütz, Gwiazdowicz, and Risch (2015) . In short, six subalpine grasslands were selected in the Swiss National Park (SNP; south-eastern Switzerland). Each grassland is entirely made up of two co-occurring vegetation types resulting from long-term differences in land-use history and ungulate grazing intensity. Shortgrass vegetation, dominated by lawn grasses, is found where cattle and sheep rested for over five centuries. The animals transferred high levels of nutrients to the soils of these areas. Livestock was banned when the SNP was established in 1914. Since then, naturally reimmigrated wild ungulates have been preferentially feeding in these high-nutrient areas, turning the vegetation into short-grass grazing lawns (Schütz et al., 2006 We erected two exclosure set-ups per vegetation type in the three large grasslands, and one per vegetation type in the three smaller grasslands (18 exclosure set-ups in total). One set-up ( Figure 1 ) consisted of five 2 × 3 m plots, of which one was unfenced so that all animals had access ("Control," i.e. none of the mammals excluded). The control plots were located at least 5 m away from the main electrical fence, which enclosed the remaining four plots and excluded ungulates (for details, see Risch et al., 2013) . Within the main fence, one plot was left unfenced, so that except ungulates, all other animals had access ("Deer exclosure"). A second plot was fenced with electric netting to further exclude medium-sized mammals ("Deer-marmot exclosure").
The lowest openings in this netting were not electrified, to ensure that small mammals would not be deterred from entering. A third plot was fenced with metal wire netting to also exclude small mammals ("Deer-marmot-mouse exclosure"). The fourth plot was enclosed by a mosquito-netting fence and roof to exclude all above-ground vertebrates and invertebrates, but no data from this treatment were used in this study. Consequently, data obtained from 72 treatment plots were used (18 exclosure Treatment plots had to be kept rather small (2 × 3 m), because of strict limitations on the size of research infrastructure allowed in the SNP.
| Invertebrate sampling
Invertebrates and suction samples were sorted into higher-order taxonomic groups in the laboratory. Each invertebrate taxon was classified into one of the following feeding types: herbivore, detritivore, omnivore, predator, nectar feeder, mixed (taxon containing several feeding types), not feeding as adult or unknown (see Table S1 ). For this study, we only used data pertaining to herbivores, detritivores, omnivores and predators.
| Vegetation characteristics
The vegetation structure was assessed in July 2013 using parallel photography followed by digital image analysis (see Figure S1 ). In each treatment plot, a strip of vegetation (100 cm tion was assessed by visually estimating percentage cover for each F I G U R E 1 Schematic overview of one of the 18 exclosure set-ups. The main outer fence excluding ungulates as well as the fence surrounding the 2 × 3 m plot to further exclude marmots and hares were connected to a solar-charged power source. Each of the different exclusion treatments was assigned at random to one of the four 2 × 3 m plots within the outer fence. Subplots 1, 5 and 6 were not used in this study. Two pitfall traps were installed in the inner corners of subplot 2. Suction sampling also took place in subplot 2. Subplot 3 was used for estimation of plant species cover and for parallel photography of the vegetation. Vegetation was clipped in subplot 4 for analysis of nitrogen content. See main text for more details plant species at peak biomass (July 2013) in a 1 × 1 m subplot of each treatment plot (subplot 3, Figure 1 ). Plant biomass clipped from two 10 × 100 cm strips in another 1 × 1 m subplot of each treatment plot (subplot 4, Figure 1 ) was combined, dried, ground (Pulverisette 16, Fritsch) and passed through a 0.5-mm sieve. Nitrogen (N) concentration was determined as described in Vandegehuchte et al. (2015) .
| Statistical analyses
We first summed the abundance of each invertebrate taxon across the two pitfall traps in each treatment plot at each sampling time, to obtain a single value per plot and time. Despite the roofs a few pitfall traps were flooded (run-off). If only one of the two traps per plot was flooded, we doubled the abundance of the non-flooded pitfall trap for that sampling time. If both pitfall traps were flooded, we assigned the average of the summed values of the previous and following sampling time to this plot. Subsequently, we summed the abundances of herbivores, detritivores, omnivores and predators across the seven pitfall emptying events. We similarly summed the abundances of each of these trophic groups across the four suction sampling events. Juvenile leafhoppers, juvenile spiders and springtails were omitted from analyses because they showed some very large outliers, caused for example by hatching of leafhopper egg clusters, female spiders carrying nymphs on the back and soil-dwelling springtails being sucked out of the soils. For one plot, the value for omnivore abundance was omitted from the suction sampling data because this plot contained a hidden ant nest from which hundreds of ants were sucked into the sampling vial, resulting in a very large outlier. Total numbers of individuals per sampling method and taxonomic group are given in Table S1 .
Structural equation modelling (SEM) is a preferred technique for
analysing complex networks of relationships and can identify support for causal linkages that bivariate analyses fail to clarify (Grace, 2006) .
We therefore used SEM to test our multivariate hypotheses about plant-mediated effects of mammals on invertebrate food webs. Our influence the abundance of invertebrate herbivores, omnivores and detritivores, as these groups potentially depend on the quality, quantity, structure and composition of the vegetation. As predators do not directly consume plant biomass, we did not include a link from plant quality to predator abundance. Links from vegetation quantity, thickness and composition to predator abundance were, however, included, as these can influence predatory invertebrates by altering habitat structure and microclimate. We expected that vegetation-mediated effects of mammal exclusions on lower trophic levels (herbivores, detritivores) would cascade up the food web to affect higher trophic levels (omnivores, predators) in a bottom-up fashion (see Section 1).
We therefore included effects of herbivores and detritivores on predators and omnivores, and from omnivores on predators. We realize that some of these bottom-up trophic links could run in the opposite direction, that is top-down. However, the recommended strategy is to test the hypothetical model with the highest level of theoretical support, that is our bottom-up model (Grace, 2006) . If the overall model fit was good, we accepted the multivariate hypothesis represented by the model. If the fit was poor, we assessed whether a minimum of theoretically meaningful path additions would improve the model. We did not include direct effects of mammal exclusions on the different invertebrate groups in our initial model, as we expected accidental ingestion or direct disturbance of invertebrates to be negligible in our system.
We also did not explore nonlinear relationships, as we expected effects to be predominantly linear in our system, and because the biological meaning of nonlinear relationships can be difficult to interpret in complex SEMs.
To assess exclusion treatment effects independently from variation between exclosure set-ups, we calculated residuals per exclosure cates that the covariance structure of the data does not significantly differ from the one expected based on the model (Grace, 2006) . If the p-value was smaller than .05, we investigated modification indices (which provide an indication of the improvement in fit if a certain path is added to the model) and correlation residuals (which indicate model misspecification), and added the regression path with the largest modification index whose correlation residual had an absolute value larger than 0.1 (Kline, 2005) . Only paths that were theoretically plausible were considered, including top-down paths from higher to lower trophic level invertebrates and direct effects of mammal exclusions on the different invertebrate groups. This model-building procedure was repeated until model fit was adequate.
In addition to SEM, we also tested the overall effect of vegetation type and exclusion treatments on the individual vegetation and invertebrate variables (the latter per sampling method), analysing the experiment as a split-plot design with vegetation type as whole-plot factor, exclusion treatment as split-plot factor and exclosure set-ups (whole plots) blocked on grassland. We used general or generalized linear mixed models with vegetation type, exclusion treatment and their interaction as fixed effects, and exclosure set-up and grassland as random effects. A Gaussian distribution was used for vegetation thickness and composition (as their conditional studentized residuals were normally distributed based on visual inspection and a ShapiroWilk test), a Gamma distribution for vegetation quantity and quality, and a negative binomial distribution and a log link function for the abundance of each of the invertebrate groups. The false discovery rate was used to correct post hoc pairwise comparisons for multiple testing (Benjamini & Hochberg, 1995) .
| RESULTS
The SEM for the pitfall trap data from the short-grass vegetation (Figure 2a ) obtained adequate fit after adding some direct pathways from exclusion treatments to invertebrate feeding type abundances (after Yuan-Bentler correction: χ 2 = 14.16, df = 9, p = .12). The SEM for the suction sampling data from this vegetation type (Figure 2b ) fit adequately after adding one direct pathway from the "Deer-marmot Variance-covariance matrices for short-grass SEMs are given in Table S2 and for tall-grass SEMs in Table S3 .
In the short-grass vegetation, the progressive exclusion of mammal groups caused progressively increasing quantities of vegetation (Figure 2a,b) . Increases in vegetation quantity in turn showed a strong positive link with the abundance of invertebrate herbivores, which was further linked to increased invertebrate predator abundance (Figure 2a,b) . This bottom-up trophic cascade was very similar for both pitfall trap and suction sampling data (Figure 2a,b) . Ground-dwelling omnivorous invertebrates also responded positively to the increase in herbivorous invertebrates (Figure 2a) . When all mammals were excluded ("Deer-marmot-mouse" exclosures), the vegetation thickness was higher than in the control plots (Figure 2a,b) . The increases in vegetation quantity and thickness were related to decreased abundances of detritivorous and predatory invertebrates caught in pitfall traps ( Figure 2a ). The vegetation in the "Deer-marmot" exclosures had a lower N content compared to the control plots, but vegetation N content did not significantly relate to the abundance of any invertebrate trophic group (Figure 2a,b) . Vegetation composition did not significantly differ between our mammal exclusion treatments, but significantly related to the abundance of herbivores caught by suction sampling, detritivores and omnivores (Figure 2a,b) . The models for the short-grass vegetation showed significant direct pathways from some of the mammal exclusion treatments to certain invertebrate feeding type abundances, indicating mechanisms that were not captured by the vegetation characteristics we measured.
In the tall-grass vegetation, vegetation quantity significantly increased compared to the control when ungulates and medium-sized mammals were excluded, and even more strongly when all mammals were excluded (Figure 3a,b) . However, unlike in the short-grass vegetation, vegetation quantity was not significantly linked to any of the invertebrate feeding types (Figure 3a,b) . Vegetation thickness was unaffected by the mammal exclusions and did not significantly relate to any of the invertebrate feeding types (Figure 3a and mammal exclusion treatments on these variables is provided in Table 1 . These results show how SEM can reveal complex interactions that cannot be deduced from investigating bivariate relationships between variables. As just one example, the abundance of detritivores in the tall-grass vegetation was very similar across all four treatments (Figure 5g ). However, SEM revealed that this resulted from a positive pathway from mammal exclusions to detritivores via changes in vegetation quality and an opposing negative link via changes in vegetation composition (Figure 3a ).
In summary, in the short-grass vegetation, more and tighter linkages between mammal exclusions, vegetation characteristics and the different invertebrate trophic levels were observed. Conversely, in the tall-grass vegetation, links between mammal exclusions and vegetation, and between vegetation and invertebrates were much more independent. In both vegetation types, the strongest effects on vegetation characteristics were observed when, in addition to ungulates, smaller mammalian herbivores were excluded as well.
| DISCUSSION
We tested whether mammalian herbivores of different body size caused bottom-up cascading interactions across the invertebrate food web by influencing the vegetation. We furthermore assessed whether the strength of these interactions depended on the productivity of the system. We found evidence for interactions between mammalian herbivores and single invertebrate feeding De. = deer and chamois; Ma. = marmots and hares; Mo. = mice and voles. Different capital letters indicate significant main differences between treatments after false discovery rate adjustment. Different small letters indicate significant differences between combinations of vegetation type and treatment after false discovery rate adjustment. PCO, principal coordinate analysis properties additionally caused bottom-up cascades linking several invertebrate trophic levels, which to our knowledge has not been documented before. These mammal-induced trophic cascades were stronger in the more productive, intensively grazed short-grass vegetation than in the less productive and less intensively grazed tall-grass vegetation, in support of the "foraging-intensity" hypothesis. In addition, our results showed that not only ungulates, but also smaller mammalian herbivores induce rampant indirect effects in invertebrate food webs, and that such indirect cascading effects are not restricted to keystone species or individual trophic links, but hold true across broad and taxonomically diverse trophic groups within the local food web.
In the following, we first discuss the main interactions between mammals and invertebrate feeding types. Thereafter, we discuss in more detail the bottom-up cascading effects of mammals across invertebrate trophic groups. Finally, we discuss the differences in the strength of these cascading interactions between the short-and tall-grass vegetation, in the light of the "foraging-intensity" and "tolerance/avoidance" hypotheses. 
| Interactions between mammals and invertebrate feeding types
In the short-grass vegetation, the abundance of herbivorous invertebrates increased when more forage became available due to the exclusion of large and smaller-sized mammals, suggesting resource competition between mammalian and invertebrate herbivores. This result is in accordance with studies conducted in other ecosystems
showing competition between invertebrate herbivores and large (e.g. Gómez & González-Megías, 2002; Teichman, Nielsen, & Roland, 2013) or smaller-sized mammals (e.g. Davidson et al., 2010; Huntzinger et al., 2008) . Higher vegetation quantity and thickness due to mammal exclusions were negatively related to the abundance of ground-dwelling invertebrate detritivores and predators in the short-grass vegetation, which could result from a changed microclimate for invertebrates living in or close to the litter layer (Lessard, Sackett, Reynolds, Fowler, & Sanders, 2011; van Klink, van der Plas, van Noordwijk, WallisDeVries, & Olff, 2015) . An alternative explanation is that these invertebrates move more slowly through the denser vegetation, which may reduce the probability of being caught in pitfall traps. Vegetation composition was significantly related to invertebrate herbivore, omnivore and detritivore abundance, but these links were independent from mammalian herbivore manipulations. Vegetation composition may have influenced the vegetation's structural heterogeneity and availability of alternative resources for omnivores, such as nectar or pollen (Langellotto & Denno, 2004; van Rijn, van Houten, & Sabelis, 2002) .
However, our experiment did not permit testing this hypothesis.
In the tall-grass vegetation, detritivores positively responded to increases in vegetation quality caused by excluding large and medium-sized mammals, confirming these invertebrates' known dependence on forage quality (Moore et al., 2004; van Klink et al., 2015) .
Excluding all or all but small mammals shifted the composition of the tall-grass vegetation in a way that benefited invertebrate herbivores but disadvantaged invertebrate detritivores.
| Bottom-up cascading effects of mammals across invertebrate trophic levels
In the short-grass vegetation, mammalian herbivore exclusions caused increases in vegetation quantity that, unlike in the tall-grass (Gruner, 2004; Kagata & Ohgushi, 2006; Rzanny et al., 2013; Scherber et al., 2010) . However, our study is to our awareness the first to link bottom-up cascades across multispecies invertebrate trophic groups to changes in mammalian herbivore pressure.
Moreover, our study demonstrates the importance of smaller (Davidson et al., 2010; Howe et al., 2002 Howe et al., , 2006 Rebollo et al., 2013) , but also on the invertebrate food web.
In contrast to the short-grass vegetation, we detected only one bottom-up interaction chain from the vegetation to lower and higher invertebrate trophic levels in the tall-grass vegetation.
Higher grassland. This is practically unfeasible in our study system, but may be attainable in other systems. While enclosures with realistic densities of the study organisms, rather than exclosures, solve the problem of movement into or out of plots (Englund, 1997; Gil et al., 2016) , enclosing mammals and invertebrates together would be impracticable.
Population-level effects of predation can be estimated from observed prey consumption rates and estimated predator and prey population sizes (Englund, 1997) . However, estimating changes in multitrophic invertebrate populations from the consumption of plant biomass by mammalian herbivores would be much less trivial. Moreover, this approach only focuses on competition-mediated effects of mammals on invertebrates, ignoring the many other possible mechanisms.
| "Foraging-intensity" vs. "tolerance/ avoidance" hypothesis
The mammal-induced bottom-up interaction cascades were stronger in the more productive, more intensively grazed vegetation type, in line with the "foraging-intensity" hypothesis. Yet, Pringle et al. (2007) reported a negative relationship between productivity and the strength of cascading effects of ungulate browsing on trees, beetles and insectivorous lizards. Likewise, a recent global meta-analysis reported that negative indirect effects of large herbivores on other animals were on average weaker in more productive systems, in support of the "tolerance/avoidance" hypothesis (Daskin & Pringle, 2016) . Spatial scale and grazing intensity may help explain this discrepancy with our results. Daskin and Pringle (2016) related herbivore-induced interaction strength to a global plant productivity map with a 1-km resolution, and Pringle et al.
(2007) used plots much larger than ours across a large-scale productivity gradient. We compared neighbouring areas that differ in mammalian grazing intensity because the mammals prefer to feed on the more productive short-grass patches, which are akin to grazing lawns (McNaughton, 1984) . A literature study by Chase, Leibold, Downing, and Shurin (2000) proposed that herbivores should have weaker effects on plant biomass in ecosystems with higher plant productivity, because of faster plant regrowth. Yet, when faster plant regrowth leads to a higher local grazing intensity, mammalian herbivores can nonetheless have a stronger impact on the biomass of more productive vegetation (Daskin & Pringle, 2016; Oesterheld & McNaughton, 2000) . Our more productive short-grass vegetation had higher plant regrowth, but also higher consumption of vegetation by mammalian herbivores and therefore lower plant biomass (see Section 2; Risch et al., 2013) than the tall-grass vegetation.
Because of these properties, our system is more likely to conform to the "foraging-intensity" hypothesis at the scale of our experiment, that is productive vs. less productive vegetation patches within grasslands. However, we propose that the two hypotheses are not mutually exclusive. The "foraging-intensity" mechanism may operate at small scales, particularly when mammals strongly focus their grazing on productive vegetation patches within the local landscape, while the "tolerance/avoidance" mechanism may simultaneously act at larger spatial scales, especially when mammalian herbivore pressure is uniform. Future research could elucidate the roles of spatial scale and variation in grazing intensity in determining the balance between "tolerance/avoidance" and "foragingintensity" mechanisms.
